acids, polypeptides and purines. A wide range of supportive techniques have been used in the collection of evidence for a transmitter role for these chemicals, including neurochemical, electrophysiological, pharmacological, histochemical, electron-microscopic, radioautographic and biochemical. Thus workers trained in a wide range of disciplines are needed to collaborate closely to speed the rate at which existing chemicals are proved beyond doubt to be transmitters and new chemicals critically examined.
Probably the first compound to be established as a transmitter was acetylcholine, owing to the pioneering work of Loewi (1921) . Acetylcholine is widely distributed among the major phyla and is likely to be a transmitter in the annelids, arthropods and molluscs (see Table 1 ). Apart from establishing its presence, the enzyme for its synthesis, choline acetylt ransferase, is a good marker for acetylcholine as a putative transmitter. The enzyme for its destruction, acetylcholinesterase, has been used as a test for possible cholinergic example, propionylcholine, senecioylcholine, urocanylcholine and acryloylcholine, but there is n o evidence that any function as a transmitter. This is surprising when one compares this situation with that of the catecholamines where there are at least four catecholamine or related compounds as transmitter candidates. However, it is possible that in the future a synapse will be identified as cholinergic where a choline ester other than acetyl will be shown to be the transmitter. One hindrance in the establishment ofacetylcholineasacentral transmitter has been theinability to find a histochemical method for its localization. However, this has partly been overcome through the development of micro methods for the determination of choline acetyltransferase activities in single large neurons of Aplysia and Helix (Giller & Schwartz, 1971 ; Emson & Fonnum, 1974) . It is noteworthy that this enzyme is also found in neurons which contain 5-hydroxytryptamine and are likely to be serotonergic (Hanley et al., 1974) . This raises the possibility that a neuron may contain and so by inference release more than one transmitter from its endings. This topic has been reviewed by Burnstock (1976) .
In Aplysia, evidence is clear for acetylcholine to be the transmitter from certain identified central neurons on to other neurons and on to peripheral tissues (Wachtel & Kandel, 1971 ; Liebeswar et al., 1975) . In the insect, acetylcholine probably functions as a n excitatory transmitter in the segmental ganglia (Pitman, 1971). I n crustacea, acetylcholine is both a sensory transmitter (Barker et a/., 1972) and a neuromuscular transmitter (Marder, 1976) .
It is likely that at least four catecholamine-like chemicals function as transmitters:
dopamine (3,4-dihydroxyphenethylamine), noradrenaline, adrenaline and octopamine.
Among the invertebrate phyla, dopamine has been shown to be present in platyhelminths, echinoderms, annelids and arthropods, and is certainly a transmitter in the gastropod molluscs. Dopamine has been shown to be present in specific gastropod nerve cells (Sedden et al., 1968) , t o have a specific postsynaptic action which can be correlated with a synaptic event (Kerkut et al., 1969; Berry & Cottrell, 1975) , enzymes are present for its synthesis (Kerkut et al., 19681 , and various pharmacological agents can be used to alter its presynaptic concentration and so the size of the postsynaptic event (Walker et al., 1971) . Dopamine can excite some cells while inhibiting others and it is probably both a n inhibitory and a n excitatory transmitter in gastropods. Dopamine is present in the insect (Klemm, 1974) and leech nervous systems, and has potent actions on the latter (Kerkut & Walker, 1967) . although the evidence for it as a transmitter at either site is incomplete. In the insect salivary gland, recent work has provided strong evidence for dopamine as a transmitter at this site (Bowser-Riley & House, 1976; Ginsborg et al., 1976). Dopamine acts as the precursor for noradrenaline (Scheme I ) , but the evidence for either noradrenaline or adrenaline as transmitters in the invertebrates is poor. However, a related compound, octopamine, which is synthesized from tyrosine and tyramine (Scheme l), has been suggested as the transmitter from certain neurons in the thoracic nerves of the lobster segmental ganglia (Evans et al., 1976a,b) . Octopamine is present in these neurons, the enzyme for its synthesis is present and it has a postsynaptic action. Octopamine has also been shown to be present in molluscs, initially in the octopus salivary glands (Erspamer, 1952) , in the central ganglia of Helix (Walker et al., 1972) and in specific Aplysia neurons (Saavedra et al., 1974) . Octopamine has direct effects on both Aplysia and Helix neurons.
Indoleamines and related compounds are very widely distributed in both animals and plants, but the only one which has definitely been linked t o a transmitter function is 5-hydroxytryptamine and possibly tryptamine. 5-Hydroxytryptamine occurs in planarians, insects, crustacea, molluscs, annelids and echinoderms both in the nervous systems and in venoms and other secretions. The use of fluorescence microscopy has demonstrated that 5-hydroxytryptamine occurs intraneuronally in specific gastropod neurons and that these neurons contain enzymes for its synthesis (Goldman and inhibitory actions on Aplysia and Helix neurons, and interacts with a specific postsynaptic receptor on both neurons and heart muscle. This neuronal-receptor system is complex, and there are six different 5-hydroxytryptamine receptors in Aplysia (Gerschenfeld & Paupardin-Tritsch, 1974) . 5-Hydroxytryptamine is present in leech Retzius cells, and it may be an inhibitory transmitter on to leech body-wall muscle Sawada & Coggeshall, 1976) , and Retzius cells possibly receive an inhibitory 5-hydroxytryptamine input (Smith et al., 1975) . 5-Hydroxytryptamine may be involved in insect salivary-gland secretion (Berridge, 1972) . 5-Hydroxytryptamine is present in the earthworm nervous system, but a transmitter function at this site has not been demonstrated. 6-Hydroxytryptamine might act as a transmitter on to certain crustacean hearts (Kerkut &Price, 1964) , and there is also interest in various methylated derivatives of tryptamine as potential transmitters.
Imidazoles occur in a range of tissues, but no conclusive evidence has been presented to suggest that they are acting as transmitters. Histamine has clear actions on specific Helix and Aplysia neurons, and these receptors have been linked to the types found in vertebrates (Carpenter & Gaubatz, 1975) . Weinreich (1977) measured the concentration of histamine and the activity of histidine decarboxylase in single Aplysia neurons and found specific cells which have a high concentration of histamine and a high activity of its synthesizing enzyme.
Polypeptides have been reported t o be involved in neurosecretory processes in invertebrates, but there is littleevidence for their role as neurotransmitters. Brown (1975) suggested a role for a pentapeptide, proctolin, which may mediate transmission from central motor neurons to regions of the insect gut. This is a subject which is likely to expand in the near future. Amino acids have potent actions on invertebrate tissues. One of the early assays for y-aminobutyric acid-like material was the crayfish stretch-receptor neuron (McGeer   et a/., 1961) , where y-aminobutyric acid may act as a transmitter (Iwasaki & Florey, 1969) . Both y-aminobutyric acid and dopamine inhibit stretch-receptor-cell activity. y-Aminobutyric acid is generally inhibitory, e.g., on insect muscle (Usherwood & Grundfest, 1965 ), on insect segmental-ganglion cells (Pitman & Kerkut, 1970) , on crustacean muscle fibres (Takeuchi & Takeuchi, 1966) , on earthworm muscle (Hidaka et al., 1968) , on Ascaris muscle (Brading & Caldwell, 1971) , on gastropod neurons . y-Aminobutyric acid has been shown to be present in specific lobster segmentalganglionic neurons (Otsuka et al., 1967) and t o be released on nerve stimulation (Otsuka et al., 1966) . One of the few places where y-aminobutyric acid is excitatory is on certain gastropod neurons. By contrast, there is little evidence for glycine as a transmitter in any invertebrate phylum. Glutamic acid and aspartic acid are potent excitants on many neuronal and muscle preparations. Glutamic acid is the neuromuscular excitatory transmitter on t o both insect and crustacean muscle (Beranek &Miller, 1968; Takeuchi & Takeuchi, 1964) . Glutamic acid has a potent action on gastropod muscle, and could be a n excitatory transmitter at this site (Kerkut et al., 1965) . It excites certain gastropod neurons, although it inhibits others, and is probably a transmitter between neurons in Helix (Judge et al., 1977) .
The field of invertebrate transmitter physiology is a fascinating and fruitful area for investigation. Over the next few years conclusive evidence will confirm the existence of current putative transmitters at a number of sites (see Table 1 ) and evidence will also be obtained t o implicate new chemicals as putative transmitters. In his review of chemical transmission in invertebrate central nervous systems and neuromuscular junctions, Gerschenfeld (1973) reminded the more anthropocentric physiologist that to date 'the molecules involved in chemical transmission and their mechanisms of actions on membranes are the same in both vertebrates and invertebrates'. One such molecule is L-glutamate, an acidic amino acid that mimics the natural transmitter at excitatory and (possibly, also) inhibitory synapses in central nervous systems of vertebrates and in central and peripheral nervous systems of invertebrates. Proposals that ubiquitous amino acids such as L-glutamate might function as chemical messengers between excitable cells have often been criticized, but from the evolutionary viewpoint they have some appeal. There is evidence, albeit tentative, that unicellular aquatic organisms sequester amino acids from their environment, a process which seemingly involves specific membrane receptors for these compounds. Amino acids are also known to be potent inducers of endocytosis in unicellular animals (e.g. Amoebaproteus), which is thought to involve selective membrane-mediated processes (Chapman-Andresen, 1962 . According to Wander & Hilgard (1975) , these processes involve receptor-binding sites, some of which specifically bind L-glutamate. The presence of membrane receptors for L-glutamate might endow unicellular organisms with the ability to respond, in a locomotory sense, to this amino acid, thus perhaps heralding the development of glutamate chemosensitivity in effector cells in some extant metazoan animals. It could be argued, therefore, that the evolution of synapses using amino acids such as L-glutamate is more easily envisaged than the evolution of synapses at which rarer compounds such as acetylcholine and adrenaline are used as chemical messengers.
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